Pseudomonas ATCC 17483 produced enzymes for naphthalene metabolism when growing in a medium containing succinate and naphthalene. Mutants for naphthalene metabolism produced by treatment with N-methyl-N'-nitro-N-nitrosoguanidine were able to produce these enzymes only when the metabolic pathway was intact as far as salicylaldehyde, which was therefore identified as the first possible inducer.
Salicylate has been identified as an inducer of the enzymes of naphthalene metabolism in several strains of pseudomonads (1, 2), but it is the sixth metabolite in the degradative pathway (see Fig. 1 then added to the flask, which was used to grow an overnight culture. The next morning, mineral medium (to reduce the absorbance of the culture to 0.1) and succinate (to give a total added concentration of 0.2%) were added to the culture, and the growth of about 250 ml of the culture was allowed to continue until the absorbance reached 0.8. There always remained, at this stage, a large quantity of naphthalene.
Harvest of bacteria and measurement of enzymes. Cultures containing naphthalene were filtered through a plug of glass woolbefore being harvested and washed as described previously (1) . Naphthalene oxygenase was measured as an increase in the rate of oxygen uptake, determined polarographically when 15 Al of 10 mM naphthalene in ethanol was added to 0.1 ml of whole-cell suspension in 1.8 nil of 0.05 M KH2PO4-NaOH (pH 7.0) at 25°C. Increased oxygen uptake indicates the presence of napthalene oxygenase, but the measurement is not good quantitatively, since the stoichiometry of oxygen uptake is not known because of subsequent oxygen-requiring steps. 1,2-Dihydroxynaphthalene oxygenase was measured polarographically (T. R. Patel and E. A. Barnsley 
RESULTS AND DISCUSSION
The treatment of ATCC 17483 with nitrosoguanidine under the conditions described gave Nah-mutants at a frequency of 0.9% among the survivors. Although the presence of a naphthalene plasmid in strain 17483 has been reported (6) , and the high frequency of Nah-mutants suggested that curing was occurring with nitrosoguanidine, these mutants reverted and produced catabolic enzymes under the influence of the gratuitous inducer 2-aminobenzoate ( Table  1 ). The high frequency of Nah-mutants contrasts with that of amino acid auxotrophs in the same nitrosoguanidine-treated cultures. Several cycles of enrichment with cycloserine and ampicillin were required before amino acid auxotrophs could be detected upon plating.
Our observations were not sufficient to characterize these various mutants fully. Thus, although the low activity of certain enzymes in strains MC3, MC4, MC5, and MC17 could account for the Nah-phenotype, the relative activities of these enzymes in MC4, MC5, and MC17 are not consistently explainable as polarity effects consequent to single mutations. Furthermore, the basis of the Nah+ Sal-condition of MC7 and MC9 is uncertain. It may have been due to poor uptake of salicylate rather than a block in salicylate metabolism, for although pyruvate produced by the action of 2'-hydroxybenzalpyruvate aldolase (Fig. 1) could support growth, the low activity of salicylaldehyde dehydrogenase in these mutants would cause the accumulation of salicylaldehyde, which is toxic. Nevertheless, the mutants were sufficiently characterized by the activities of enzymes which they produced to allow identification of natural inducers.
The reactions by which naphthalene was converted to salicylate are shown in Fig. 1, and is reduced in vivo to salicylaldehyde. Conversely, we cannot rule out the possibility that the effect of salicylaldehyde in MC7 and MC9 is consequent to its nonenzymatic oxidation (or slow enzymatic oxidation) to salicylate. Salicylate and salicylaldehyde have, however, close structural similarities with each other and with two potent gratuitous inducers, 2-aminobenzoate and 2-hydroxybenzyl alcohol. It seems quite likely, therefore, that both salicylate and salicylaldehyde could be inducers but that naphthalene and earlier metabolites are not inducers. Thus, the regulation of naphthalene metabolism contrasts with that of other hydrocarbons and aromatic compounds (4) in the relatively large number of enzyme-catalyzed steps required to produce the first inducer.
